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Fermentability of High-Moisture Corn Treated with Chemical Preservatives

James E. VanCauwenberge,* Rodney J. Bothast, and Lynn T. Black

Chemical preservation of high-moisture corn is one alternative to the conventional method of high
temperature drying and has contributed to increased use of high-moisture corn. The present study
investigated the use of chemically preserved corn as feedstock for the production of alcohol by fer
mentation. Preservatives tested were formaldehyde, ammonia, sulfur dioxide, methylene dipropionate
(MBP), acetic acid, and propionic acid. Acetic and propionic acids and ammonia-treated corn samples
were converted at all concentrations tested, with alcohol production at 80-90% of maximum theoretical
alcohol possible. Sulfur dioxide treated corn yielded more alcohol than the other preservatives tested
when S02 treatments were kept at low concentrations (0.1-0.5%). MBP- and formaldehyde-treated
corn yielded low amounts of alcohol and should be avoided as feedstocks for alcohol production.

Increased fossil-fuel prices have stimulated investiga
tions into more economic alternative procedures for con
ventional high-temperature drying of freshly harvested,
high-moisture corn (24-28% moisture content). Chemical
preservation of high-moisture corn is one alternative to the
conventional method and has contributed to increased use
of high-moisture corn. Volatile fatty acids and their salts
have received the most attention as preservatives. Pro
pionic acid and mixtures of propionic and acetic acids are
presently marketed and prevent mold growth and spoilage
in corn containing up to 30% moisture (Hall et al., 1974).
Other preservatives which have been investigated include
formaldehyde (Muir and Wallace, 1972), ammonia (Bo
thast et al., 1973; Nofsinger et al., 1977, 1979), sulfur di
oxide (Eckhoff et al., 1980), and methylene dipropionate
(MBP) (Bothast et al., 1978; Montgomery et al., 1980).

One potential use for preserved corn is as a feedstock
for the production of alcohol by fermentation. This study
was undertaken to determine the fermentability of high
moisture corn treated with each of six preservatives (am
monia, sulfur dioxide, MBP, propionic acid, acetic acid,
and formaldehyde) at four concentrations (0.1, 0.2, 0.5, or
1.0% w/w) with untreated corn as a control. The four
concentrations used are those that might actually be em
ployed to preserve corn "in the field". It should be noted
that, even at the same concentration level, the chemicals
employed are not equivalent as antimicrobial agents.

MATERIALS AND METHODS

The corn used in this experiment was freshly harvested
high-moisture corn (28% moisture level) that was stored

Northern Regional Research Center, Agricultural Re
search Service, U.S. Department of Agriculture, Peoria,
Illinois 61604.

Table I. Quantity of Preservative Used to Reach the
Desired Concentration on 400 Grams of
High-Moisture Coma

concentration of preservative

preservative 0.1 % 0.2 % 0.5 % 1.0 %

acetic acid O.4b 0.8 2.0 4.0
ACS ammonium hydroxide 1.33 2.66 6.67 13.34
formaldehyde 1.16 2.32 5.80 11.60
MBP 0.4 0.8 2.0 4.0
propionic acid 0.4 0.8 2.0 4.0
sulfur dioxide 0.4 0.8 2.0 4.0

a The concentrations were calculated from the "wet"
weight of the corn. b Values are in grams.

Table II. Protocol Followed for Preserved, High-Moisture
Corn Fermentations

step 1: add 162.4 g of treated corn to 560 mL of distilled
water in a 1-L Erlenmeyer flask

adjust the pH to 6.2
add 0.32 mL of Taka·therm Q:·amylase
heat to 90 °C with stirring
maintain at 90 °C for 1 h

step 2: cool by adding 150.4 mL of distilled water
reduce temperature to 60 °C
adjust pH to 4.0
add 1.2 mL of Diazyme L·100
maintain at 60 °C for 2 h

step 3: cool to 32 °C
adjust pH to 5.0
add yeast inoculum, 1% v/v
allow to ferment for 3 days at 32 °C

at 0 °C until used. Samples (400 g) were placed in 2-L
Erlenmeyer flasks and brought to ambient temperature.
The various preservatives were then added (Table I) to the
corn on a weight of active preserving agent to weight of
corn basis. The flasks were sealed and kept at ambient
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Table III. Alcohol Production on Chemically Treated Corn
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preservative concentration on corn

preservative 0.0% 0.1% 0.2% 0.5% 1.0%

acetic acid 4.6a (82.4)b 4.9 (87.8) 4.8 (86.0) 5.0 (89.6)
ammonia 4.7 (84.2) 4.7 (84.2) 4.3 (77.1) 4.3 (77.1)
formaldehyde 4.5 (80.7) 0.0 0.0 0.0
MBP 4.2 (75.3) 3.9 (69.9) 3.6 (64.5) 0.0
propionic acid 4.8 (86.0) 4.3 (77.1) 4.6 (82.4) 5.0 (89.6)
sulfur dioxide 5.4 (97.7) 5.5 (98.6) 4.8 (86.0) 0.0
control 4.8 (86.0)

a All values are the average of duplicate fermentations and represent values on a weight of alcohol per weight of sample
basis. The LSD at the 0.05 level is 0.63. b These values (in percent) represent the ethanol conversion efficiency based on a
theoretical maximum of 5.58%.

temperature for 2 weeks. All preserved samples, and a
control, were coarse ground by using a Hobart Granulator
coffee mill (the material passed through a U.S. Standard
No.4 mesh screen, a 4.76-mm opening). Each sample was
mixed thoroughly and fermented according to protocol
(Table II). The 90°C temperature in step 1 was attained
in a steam cabinet, with manual stirring at 15-min inter
vals. The enzyme used was a commercial bacterial a
amylase with an optimum pH range of 5.5-7.0 and an
optimum temperature range of 80-95 °C (176-203 OF). A
water bath was used, to maintain the 60°C temperature
in step 2. The enzyme used in this step was a fungal
glucoamylase with an optimum pH range of 3.8-4.5 and
an optimum temperature range of 50-60 °C (122-140 OF).
The pH was adjusted by using either a dilute NaOH so
lution or a dilute HCI solution.

The yeast inoculum was prepared by inoculating 100 mL
of yeast malt broth (yeast extract, 0.3%, malt extract,
0.3%, peptone, 0.5%, and dextrose, 1.0%) with a loopful
of cells from a stock slant of Saccharomyces uvarum
NRRL Y-1347. This broth was incubated at 32°C for 3
days before use in the experiment. After inoculation and
during fermentation each test flask was sealed with an
Alwood valve containing concentrated sulfuric acid, which
prevents alcohol loss while allowing the CO2gas evolved
to escape. At the end of the 3-day fermentation period,
each sample was assayed for ethanol on a Varian 3700 gas
chromatograph equipped with a 6-ft Porpak Q column
operated at 190 °C and for glucose with a Waters ALC-201
HPLC having a Bio-Rad HPX-42 gel fIltration column and
a refractive index detector.

RESULTS AND DISCUSSION

Theoretical ethanol yields were calculated by (1) as
suming complete stoichiometric conversion of starch to
glucose and subsequent fermentation to ethanol and (2)
allowing a loss of 5% of the available glucose to yeast cell
production (Bothast and Detroy, 1981). The final theo
retical ethanol yield possible was 5.6 %. This figure was
used in Table III to calculate the percent of theoretical
obtained from the actual values arrived at from GLC
analysis. Replicate fermentations were consistent over all
treatments.

Of the preservatives tested, formaldehyde was the most
detrimental to the fermentation process. Only at the 0.1 %
level was any alcohol produced (4.6%, or an 80.7% con
version of available glucose). At the end of the test period
glucose was detectable only in fermentations that were
completely inhibited, Le., those substrates treated with
sulfur dioxide or MBP at the 1.0% level or with form
aldehyde at the 0.2, 0.5, or 1.0% levels. These 1.0% sulfur
dioxide and MBP treatments were enough to inhibit cell
growth but not to interfere with enzymatic conversion.
However, formaldehyde did apparently interfere with

conversion because only an average of 7.3 % glucose was
detected at the end of the test compared to 9.9 and 9.4%,
respectively, for 1% sulfur dioxide and 1% MBP.

The alcohol produced from the MBP-treated corn
dropped considerably as the MBP concentration increased
above 0.5%. Alcohol (4.2%) (weight of alcohol/media) was
produced from the 0.1 % treatment, 3.9% alcohol was
produced from the 0.2% treatment, and only 3.6% alcohol
was produced from the 0.5% treated corn. No alcohol was
produced from the 1.0% MBP-treated corn.

The acetic acid and propionic acid treated corn were
both fairly consistent in the amount of alcohol produced,
regardless of the preservative level. The acetic acid treated
corn averaged 4.8% alcohol and propionic acid treated corn
averaged 4.7% alcohol over the four experimental treat
ment levels. The 1.0% treatment levels for both actually
showed the highest alcohol content (5.0%).

Ammonia-treated corn fermented approximately the
same at the 0.1 and 0.2% levels (4.7% alcohol produced
for both) but was slightly lower for both the 0.5 and 1.0%
levels (4.3% alcohol produced for each). The higher am
monia levels may inhibit the inoculum growth.

Sulfur dioxide treated corn was very efficient as a sub
strate in alcohol production at both the 0.1 and 0.2%
treatment levels, producing 5.4 and 5.5% alcohol, re
spectively. Previous research has shown that sulfur dioxide
breaks down the protein matrix that binds the starch (Cox
et al., 1944; Wagoner, 1948), allowing more starch to be
available for conversion to glucose by the enzymes. This
is a possible explanation for the increased alcohol pro
duction at this level. The 0.5% treatment level was slightly
less productive (4.8 % alcohol) but was still visibly fer
menting when removed for sampling. Corn treated with
1.0% sulfur dioxide did not ferment, but the starch was
efficiently converted to sugar and yielded a 9.9% (wIv)
solution.

In conclusion, sulfur dioxide treated corn yielded more
alcohol than the other preservatives tested, as long as the
S02 treatment was kept at low concentrations (0.1-0.5%).
Corn samples treated with acetic and propionic acids and
ammonia were converted at all the concentrations tested,
with alcohol production at 80-90% of the maximum the
oretical alcohol possible. MBP- and formaldehyde-treated
corn yielded low amounts of alcohol and should be avoided
as feedstocks for alcohol production.
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